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S (57) Abstract: Tyre for motor vehicles, provided with a belt structure (3) interposed circumferentially between the carcass (2) and 
the tread band (4), and comprising at least one pair of belt plies (5,7) radially superimposed on each other and extending axially 
substantially by the same amount as said tread band. Each ply (5,7) has a plurality of cords (6,8) orientated obliquely with respect 
to the equatorial plane of the tyre and in opposite directions, and a reinforcing layer (10) radially external to said at least one pair of 

Q belt plies (5,7), having reinforcing elements (1 1) which are substantially parallel to each other and parallel to the equatorial plane. 

^ The reinforcing elements (1 1) of the 0° layer comprise single metal wires preformed according to a given preforming ratio, which 

^ have a high elastic modulus and a considerable elongation at low stresses. 
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TYRE FOR MOTOR VEHICLKS WITH UNDULATED MONOFILAMENTS 
IN BELT REINFORCEMENT LAYER 

DESCRIPTION 

5 The present invention relates to tyres for motor 

vehicles provided with an improved belt structure, 
particularly the present invention relates to high- 
performance and high-speed tyres. 

In general, a tyre comprises a carcass structure 

10 provided with at least one carcass ply having 
reinforcing cords orientated substantially in radial 
planes containing the rotation axis of the tyre, a 
tread band band extending circumf erentially around said 
carcass structure, a belt structure circumf erentially 

15 interposed between the carcass structure and the tread 
band band. The belt structure, in turn, comprises at 
least one pair of belt plies radially superimposed on 
each other and a reinforcing layer radially external to 
said one pair of belt plies. Said at least one pair of 

20 belt plies extends axially substantially as said tread 
band band, and each belt ply has a plurality of cords 
which are orientated obliquely with respect to the 
equatorial plane of the tyre. The cords of one belt ply 
are laid in the opposite direction to the cords of the 

25 belt ply radially adjacent to the latter. Said 
reinforcing layer, also known as a 0° layer (0° 
overlay) , has reinforcing elements which are 
substantially parallel to each other and parallel to 
the equatorial plane of the tyre. 

30 The 0° reinforcing layer is introduced into the 

tyre structure to reduce the shear deformations between 
said at least one pair of belt plies radially 
superimposed on each other, and to preserve the 
geometry of the tyre at high speeds in such a way as to 

35 safeguard the integrity of the tyre and to improve the 
tyre performance. 

In high-performance tyres, the addition of a 
circumferentially inextensible layer - having 
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reinforcing elements which are substantially parallel 
to the equatorial plane of the tyre and which oppose 
the tyre circumferential expansion - in a position 
radially external to the two belt plies with crossed 
5 cords prevents expansions of the tyre during travel 
even at high speeds. 

However, during the moulding of a tyre, the tyre 
has to be able to expand against the mould, and the 
presence of a circumf erentially inextensible 0° layer 

10 would prevent said expansion. 

Generally, in tyres for motor vehicles, the 0° 
reinforcing elements consist of cords of synthetic 
fibres, for example Nylon 6 or Nylon 6.6 or polyester, 
which, as a result of their elastic modulus and their 

15 heat-shrinking properties at high temperatures, attempt 
to contract and thus to compress the underlying 
structure with its crossed layers, but are prevented 
from doing so by the substantial incompressibility of 
said layers. 

20 Consequently, during vulcanization, the cords have 

to act at an operating point of their stress-strain 
diagram corresponding to minimum elongation even when 
subject to large stresses, and are "fixed" in this 
condition which provides a powerful encircling effect 

2 5 during the travel of the tyre. 

In some tyres, particularly those for trucks, 
where the weight of the synthetic material required to 
provide the above results would be excessive, use is 
made of metallic cords of the high-elongation (HE) type 

30 which allow an initial elongation in the vulcanization 
stage thanks to a spring effect, and then remain fixed 
in a pre-stress position corresponding to a substantial 
inextensibility . 

However, the belt structure described above, which 

35 uses conventional materials, has some drawbacks. 

For example, tyres with a 0° layer of the textile 
type as described above are subjected to what is known 
as the phenomenon of xx f latspotting" which consists in a 
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modification of the geometry of the tyre structure in 
the footprint area as a result of a prolonged halt of 
the vehicle, after the latter has travelled over a 
sufficiently long distance to cause a rise in the tyre 
5 temperature- In other words, during the travel of the 
vehicle, at each rotation, each volume element of the 
tyre {in other words each unitary portion of the tyre 
structure extending radially between the outer and 
inner surfaces of the tyre, including corresponding 

10 portions of tread band band, belt, carcass ply and 
liner) remains in the footprint area for the same time 
and, therefore, the average cyclic deformation at every 
rotation of each element is the same. However, when the 
vehicle halts and the tyre cools to ambient 

15 temperature, the volume elements located in the 
footprint area cool down in conditions of lower 
expansion by comparison with the volume elements 
outside the footprint area, said fact causing a 
localized flattening of the rotation surface of the 

2 0 tyre- This means that, at the moment when the vehicle 
starts to move again, said localized flattening causes 
said phenomenon of f latspotting, which is manifested 
for the driver in an annoying slight jolting of the car 
on each wheel rotation that disappears progressively as 

2 5 the tyre heats up and all the volume elements again 
take on the same deformation degree. A contribution is 
also made to the above modification of the tyre 
geometry by the aforesaid 0° layer because of the 
modification of the viscoelastic properties and of the 

30 geometry of the synthetic fibre conventionally used in 
the 0° layer of a car tyre. Further details of the 
phenomenon of f latspotting can be found, for example, 
in "Mechanics of Pneumatic Tires", U.S. Department of 
Transportation, Chapter 2, "Tire cord and cord to 

35 rubber bonding", editor Samuel K. Clark, 1982 edition, 
p. 51 ff. 

A further disadvantage of the 0° layer of the 
conventional type arises from the fact that the low 
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values of the shrinkage force and of the elastic 
modulus of conventional fibres cause an increase in the 
weight of the 0° layer, and therefore of the whole tyre, 
since, for the same desired elastic modulus, it is 
5 necessary to use a greater number of conventional 
fibres, and fibres with a higher count (expressed in 
dTex, i.e. the weight in grammes corresponding to 
10,000 m of fibre) . 

High-elongation (HE) metallic cords have a high 
10 elastic modulus and allow a considerable elongation at 
low stress, but entail a complex and expensive 
manufacturing process which also requires large-scale 
rubberizing which has a negative effect on the weight 
of the car tyre which inevitably increases. 
15 The introduction of what are known as run- flat 

tyres, in other words of the tyres which have to be 
able to travel for a considerable distance (for example 
2 00 km) even in a deflated condition, is setting 
increasingly strict criteria for the selection of the 
20 materials to be used, for example as a result of the 
intense overheating of the tyre in run-flat conditions. 

Said problem is particularly noticeable in the 0° 
layer in which the nylon, generally used in 
conventional tyres, is not suitable for high 
2 5 temperatures. In the aforesaid run-flat tyres, 
therefore, materials having a high dimensional 
stability at high temperatures have to be used for the 
0° layer. Aramid fibres and rayon have been shown to be 
suitable materials for this application. 
30 However, said materials have other drawbacks which 

considerably limit their use. In particular, rayon has 
a low elastic modulus, and, consequently, for a given 
desired elastic modulus, the use of rayon increases the 
count of the fibre and therefore increases the weight 
35 of the fabric and of the tyre. Aramid fibres, on the 
other hand, have problems in respect of adhesion. 

Finally, conventional metallic materials, such as 
what are known as "rigid" polymers, such as the 
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aforesaid aramid fibres, have a high elastic modulus at 
low deformations. Therefore, during the tyre building 
stage, their use in the 0° entails a considerable number 
of problems since they can generate non-uniformities in 
5 the vulcanized tyre or, in extreme cases, lead to 
breakage . 

The document FR-1, 2 68, 335, in the name of the 
present Applicant, relates to a tyre provided with at 
least one layer of natural or synthetic textile 

10 threads, said at least one layer being placed between 
the tread band band and the two belt plies with crossed 
cords. According to said document, said at least one 
layer has the function of absorbing the deformations 
and thrusts which said two belt plies transmit towards 

15 the tread band band. In a particular embodiment, said 
at least one layer consists of a pair of radially 
superimposed layers comprising textile threads having a 
different inclination in each layer, in a similar way 
to the metallic threads of said two underlying belt 

20 plies. In a further embodiment, a single layer of 
textile threads placed in a longitudinal direction and 
provided with a slight transverse wave in the plane is 
provided in a position radially external to said two 
belt plies. 

25 Document US-5,205,881 discloses a radial tyre 

having a belt structure formed by two superimposed 
layers and incorporating reinforcing elements in the 
form of wave-shaped cords orientated parallel to the 
equatorial plane in the radially outer layer, and cords 

30 parallel to each other and inclined with respect to the 
equatorial plane in the radially inner layer. The 
aforesaid belt structure does not have a second layer 
of cords crossing those of the other layer. 

Document US-5,332,017 discloses a radial tyre of 

35 reduced weight in which the belt structure is formed by 
two reinforcing layers provided with single steel wires 
inclined at 5°-4 0° with respect to the equatorial plane 
and by opposing parts in each layer, said single wires 
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being preformed into a spiral shape. No 0° reinforcing 
layer is provided. 

Document EP-043,563 discloses the use of single 
steel wires in the belt plies for the reinforcing 
5 elements which are parallel to each other and inclined 
in opposite directions, at angles in the range from 10° 
to 30° with respect to the equatorial plane of the tyre. 

Document US-5,225,013 discloses a radial tyre 
designed to reduce the fatigue rupture of the carcass 
10 cords in the proximity of the opposite lateral edges 
and to improve the cornering stability of the tyre . For 
this purpose, the tyre has a belt structure having at 
least one belt ply with reinforcing elements inclined 
with respect to the equatorial plane, and at least one 
15 belt ply with reinforcing elements parallel to the 
equatorial plane, in other words at 0°, interposed 
between the carcass and said at least one belt ply with 
inclined reinforcing elements. No 0° ply is provided 
between said at least one belt ply with inclined 
20 reinforcing elements and the tread band band. The 
reinforcements of the 0° ply are formed by single wires 
(of steel) bent to form wave shapes. 

Document US-5,054,532 discloses a radial tyre with 
a belt structure formed by two crossed reinforcing 
25 layers, in which a reinforcing layer formed by wave- 
shaped or zig-zag cords or wires is placed between said 
belt structure and the carcass plies. 

Document US-5,271,445 discloses a radial tyre for 
trucks in which, in order to avoid irregular tyre tread 
30 band band wear, a belt structure is proposed comprising 
two belt plies reinforced with steel cords inclined at 
4 5° in each belt ply and on opposite sides in adjacent 
plies, and two radially outer belt plies reinforced 
with wave-shaped steel cords having their overall axes 
35 parallel to the equatorial plane, in which the ratio 
between amplitude and length of the waves increases 
from the centre towards the periphery. 
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In a first aspect, the present invention provides 
a belt structure, of simple construction and low 
weight, which can provide a radial expansion that 
allows optimal moulding of the green tyre while 
5 ensuring characteristics of substantial circumferential 
inextensibility of the vulcanized tyre even during 
travel at high speeds, while also overcoming the 
aforesaid drawbacks of the known art. 

In a different aspect, the present invention 
10 relates to a belt structure and to a finished (in other 
words, vulcanized) tyre which is not subjected to the 
troublesome phenomenon of flat-spotting, or which is at 
least capable of eliminating it rapidly. 

In another aspect, the present invention relates 
15 to a belt structure which is particularly resistant to 
the forces generated by the cornering of the vehicle at 
the edges of said structure. 

In particular, in the portion of the belt 
structure located on the extrados of a curvilinear path 
20 set by the vehicle, the state of tensile stress 
increases with respect to the situation of the tyre 
running along a straight path, while said stress state 
decreases on the portion located at the intrados of 
said curvilinear path, and can even cause said portion 
25 to operate in conditions of compression. 

The Applicant has found that said results can 
advantageously be achieved in a tyre whose belt 
structure incorporates a ply comprising, as reinforcing 
elements, preformed single metal wires placed parallel 
30 to the equatorial plane of the tyre, in other words at 
0°. 

Preferably, the aforesaid belt ply is placed in a 
position radially external to said belt structure. 

According to the present invention, the use of 
35 preformed single wires in the 0° belt structure enables 
the single wires which operate in conditions of 
compression not to suffer from breakage due to point 
stresses . 
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For the purposes of the present description, the 
term ''preforming" denotes a deformation of the plastic 
type obtained by any method of the known art. In other 
words, the term "preforming" is used here to denote the 
5 plastic . deformation undergone by a given element (a 
single metal wire in this specific case) under the 
effect of a deforming action applied to said element: 
trace and memory of said deformation remain in said 
element even after the deformation has been 

10 substantially eliminated with the restoration of the 
configuration possessed by said element before the 
application of said deforming action. 

For the purposes of the present description, the 
term "preformed single wire" denotes a single wire 

15 deformed in a plastic way according to any method known 
in the art. 

Additionally, for the purposes of the present 
description, the term "preforming ratio" denotes the 
ratio Li/Lq, where Li is the distance between the 
20 opposite ends of a length of single wire in the 
deformed condition and L 0 is the distance between the 
opposite ends of the same length of single wire in the 
non-deformed condition. 

Preferably, said preforming ratio relates to the 
25 single wire prepared for use in the green tyre, in 
other words before it is subjected to the stage of 
moulding and vulcanization of the tyre. 

Preferably, the single, wire in the non-deformed 
condition has a rectilinear configuration. 
30 Therefore, in a specific form of embodiment, the 

present invention relates to a tyre for motor vehicles 
with an improved belt structure, provided with: 

a carcass structure comprising at least one 
carcass ply having reinforcing cords orientated 
35 substantially in radial planes containing the rotation 
axis of the tyre; 

a tread band band extending circumf erentially 
around said carcass structure; 
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a belt structure circumf erentially interposed 
between the carcass structure and the tread band band, 
comprising at least one pair of belt plies radially 
superimposed on each other, each ply having a plurality 
5 of cords orientated obliquely with respect to the 
equatorial plane of the tyre, parallel to each other in 
each ply and crossing over those of the adjacent ply, 
and a reinforcing layer radially external to said at 
least one pair of belt plies and having reinforcing 
10 elements substantially parallel to each other and to 
the aforesaid equatorial plane, 

characterized in that said reinforcing elements 
comprise single metal wires preformed according to a 
preforming ratio and stretched during moulding by an 
15 amount less than or equal to the preforming contraction 
which said single metal wires undergo . 

Preferably, said preforming ratio is not less than 

0.90. 

More preferably, said preforming ratio is in the 
2 0 range from 0.90 to 0.98. 

Advantageously, tyres of different sizes use 
single wires with the same preforming ratio. However, a 
person skilled in the art will be able to establish a 
specific preforming ratio for each tyre size if 
25 necessary. 

As is known, the green tyre, after building, is 
subjected to a stage of moulding during which the 
reinforcing elements of said 0° layer undergo a 
stretching action produced by the pressurized fluid 
30 used in said stage. 

The Applicant has found that the aforesaid 
preforming ratio has to be such that, during the 
moulding stage, the aforesaid reinforcing elements are 
stretched by an amount less than or equal to the 
35 contraction undergone by said elements due to said 
preforming. In other words, the stretching action 
imparted during said moulding stage to the single metal 
wires preformed according to the invention comprises an 



BNSDOCID: <WO 03008207A1J_> 



WO 03/008207 * 




PCT/EP02/07617 



10 



elongation of said preformed single wires which has to 
be smaller than, or not more than equal to, the 
contraction undergone by said single wires during the 
preforming stage, said contraction being equal to the 
5 difference (L 0 - Li) . 

Therefore, in a further aspect the present 
invention relates to a method for producing a tyre, 
comprising the stages of: 

making a carcass structure; 
10 applying a belt structure in a position 

circumferentially external to said carcass structure, 
said belt structure comprising at least one pair of 
belt plies radially superimposed on each other and a 
reinforcing layer radially external to said at least 
15 one pair of belt plies and having single metal wires 
substantially parallel to each other and to the 
equatorial plane of said tyre; 

applying a tread band band in a position 
circumferentially external to said belt structure; 
20 applying at least one pair of sidewalls on said 

carcass structure in laterally opposing positions; 

moulding and vulcanizing the tyre produced in this 

way, 

characterized in that said single metal wires are 
25 applied in a condition in which they are preformed 

according to a preforming ratio, and said single metal 

wires are stretched during said moulding stage by an 

amount not exceeding the preforming contraction 

undergone by said single metal wires. 
30 Preferably, said stage of applying a reinforcing 

layer radially external to said at least one pair of 

belt plies is a spiral winding operation. 

Said single wires can maintain a certain residual 

preforming in the vulcanized tyre, following to the 
35 stretching action undergone by the single wires during 

the moulding stage. 

For the purposes of the present description, the 

term "residual preforming" denotes the preforming 
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present in the aforesaid single wires after the stage 
of moulding and vulcanizing the tyre. In other words, 
the residual preforming denotes the preforming retained 
by said single wires in the finished tyre. 
5 Furthermore, for the purposes of the present 

description, the term "residual preforming ratio'' 
denotes the preforming ratio as defined above with 
reference to the finished tyre. 

Preferably, said residual preforming is less than 

10 the initial preforming imparted to the original 
straight single wire. 

Therefore, in a similar way to that described 
above, it is possible to define a residual preforming 
ratio which quantifies the amount of preforming which 

15 is still retained by the single wires in the vulcanized 
tyre . 

Therefore, in a further form of embodiment, the 
present invention relates to a tyre for motor vehicles, 
with an improved belt structure, provided with: 
2 0 a carcass structure comprising at least one 

carcass ply having reinforcing cords orientated 
substantially in radial planes containing the rotation 
axis of the tyre; 

a tread band band extending circumf erentially 
25 around said carcass structure; 

a belt structure, circumf erentially interposed 
between the carcass structure and the tread band band, 
comprising at least one pair of belt plies radially 
superimposed on each other, each ply having a plurality 
30 of cords orientated obliquely with respect to the 
equatorial plane of the tyre, parallel to each other in 
each ply and crossing over those of the adjacent ply, 
and a reinforcing layer radially external to said at 
least one pair of belt plies and having reinforcing 
35 elements substantially parallel to each other and to 
the aforesaid equatorial plane, 
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characterized in that said reinforcing elements 
comprise single metal wires having a residual 
preforming ratio. 

Preferably, said single metal wires have a 
5 residual preforming ratio of not less than 0.95. 

More preferably, said single metal wires have a 
residual preforming ratio in the range from 0.95 to 1. 

Preferably, said residual preforming ratio is the 
result of an initial preforming of the single wire 
10 according to a preforming ratio in the range from 0.90 
to 0.98 and a subsequent stretching of the single wire, 
particularly during the moulding of the green tyre, by 
an amount less than or at most equal to the contraction 
undergone by said single metal wire during the initial 
15 pref orming . 

As mentioned above, a tyre incorporating a belt 
structure according to the invention enables the 
phenomenon of flatspotting to be significantly reduced. 

The Applicant considers that said reduction can be 
20 particularly significant above all in the case in which 
the single wires of the belt structure according to the 
invention have a given residual preforming. This is 
because, in this case, the residual preforming of said 
single wires of the 0° layer enables the tyre to recover 
25 more rapidly from the localized deformation 
(flattening) undergone under the footprint area during 
the period for which the vehicle is stationary. 

Additionally, if the tyre is designed to meet run- 
flat requirements, the belt structure according to the 
30 invention enables the tyre to increase the distance 
travelled in conditions of essential deflation, 
provided that all other conditions are kept constant, 
since said structure has a high resistance to the 
overheating to which said tyre is subjected during flat 
35 running. 

Additionally, the belt structure according to the 
present invention, comprising reinforcing elements of 
the metallic type, is suitable for X-ray analysis for 
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the purpose of checking the state of deterioration of 
said structure. For example, if the tyre has travelled 
over a long distance in conditions of substantial 
deflation, said X-ray analysis makes it possible to 
5 determine whether the belt structure has been 
irremediably damaged or whether the tyre can 
advantageously be re-used in a safe way. 

Moreover, the belt structure according to the 
present invention provides an improved puncture 
10 resistance since the presence of a belt layer 
comprising single metal wires contributes to an 
increase in the total area of the crown portion of the 
tyre covered with metal, thus providing a greater 
mechanical resistance to the penetration of blunt 
15 objects, by comparison with a belt structure . of the 
known type which comprises a 0° reinforcing layer of the 
textile type; the possibility of a blunt object being 
able to penetrate into the carcass structure and 
thereby puncturing the tyre is thus reduced. 
2 0 Preferably, said single metal wires are made from 

steel . 

According to further embodiments of the invention, 
said single metal wires are made from aluminium or 
metal alloys, preferably aluminium alloys. 
25 in a preferred embodiment of the invention, said 

preformed single wires have a diameter in the range 
from 0.10 to 0.40 mm. 

According to a preferred embodiment, the 
deformations of the single wire are in one plane (in 
30 other words, they are coplanar) . 

According to a further preferred embodiment, said 
deformations consist of substantially sinusoidal wave 
shapes. Preferably, said sinusoidal wave shapes have a 
wavelength in the range from 3 mm to 9 mm. Preferably, 
35 said sinusoidal wave shapes have an amplitude in the 
range from 0.3 mm to 1.5 mm. The above ranges of 
wavelength and amplitude are preferably measured 
directly on the single wire before it is rubberized and 
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before it is inserted into the tyre; advantageously, in 
the vulcanized tyre, said values can be measured, by 
means of a magnifying lens and a graduated scale (a 
ruler, for example), on the single wire which is 
5 exposed by removal of the tread band band and, if 
necessary, also on the single wire extracted from the 
tyre and cleaned to remove the rubber by means of 
suitable solvents . 

According to a further embodiment, said single 
10 wires are substantially equally distributed; in other 
words, the axial spacing between consecutive adjacent 
single wires is substantially constant. 

According to a different form of embodiment, the 
value of the residual preforming of said single wires 
15 increases in an axial direction towards the edges of 
said belt structure. 

Therefore, in a further form of embodiment, the 
present invention relates to a tyre for motor vehicles, 
with an improved belt structure, provided with: 
2 0 a carcass structure comprising at least one 

carcass ply having reinforcing cords orientated 
substantially in radial planes containing the rotation 
axis of the tyre; 

a tread band band extending circumf erentially 
2 5 around said carcass structure; 

a belt structure, circumf erentially interposed 
between the carcass structure and the tread band band, 
comprising at least one pair of belt plies radially 
superimposed on each other, each ply having a plurality 
30 of cords orientated obliquely with respect to the 
equatorial plane of the tyre, parallel to each other in 
each ply and crossing over those of the adjacent ply/ 
and a reinforcing layer radially external to said at 
least one pair of belt plies and having reinforcing 
35 elements substantially parallel to each other and to 
the aforesaid equatorial plane, 

characterized in that said reinforcing elements 
comprise single metal wires having a residual 
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preforming increasing in an axial direction towards the 
edges of said reinforcing layer. 

In a further form of embodiment, the present 
invention relates to a method for producing a tyre, 
5 comprising the steps of: 

making a carcass structure; 

applying a belt structure in a position 
circumf erentially external to said carcass structure, 
said belt structure comprising at least one pair of 

10 belt plies radially superimposed on each other and a 
reinforcing layer radially external to said at least 
one pair of belt plies, said reinforcing layer having 
preformed single metal wires which are substantially 
parallel to each other and to the equatorial plane of 

15 said tyre; 

applying to said belt structure a tread band band 
in a position circumf erentially external; 

applying to said carcass structure at least one 
pair of sidewalls in laterally opposing positions; 

20 moulding and vulcanizing the tyre produced in this 

way, in a condition in which said single metal wires 
are stretched in such a way that the initial preforming 
of said single metal wires is cancelled in a central 
portion of said reinforcing layer, lying across the 

2 5 equatorial plane of said tyre, and that a residual 
preforming is left in said single metal wires in two 
lateral edge portions of said reinforcing layer. 

As will be made clearer by the examples described 
in the following of the present description, the 

30 Applicant has also found that the preforming undergone 
by the single metal reinforcing wires according to the 
invention remains visible and clearly identifiable, 
even in the finished tyre. 

In a further aspect, therefore, the present 

35 invention relates to a tyre for motor vehicles, with an 
improved belt structure, provided with: 

a carcass structure comprising at least one 
carcass ply having reinforcing cords orientated 
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substantially in radial planes containing the rotation 
axis of the tyre; 

- a tread band band extending circumf erentially 
around said carcass structure; 
5 - a belt structure, circumf erentially interposed 
between the carcass structure and the tread band band, 
comprising at least one pair of belt plies radially 
superimposed on each other, each ply having a plurality 
of cords orientated obliquely with respect to the 

10 equatorial plane of the tyre, parallel to each other in 
each ply and crossing over those of the adjacent ply, 
and a reinforcing layer radially external to said at 
least one pair of belt plies and having reinforcing 
elements substantially parallel to each other and to 

15 the aforesaid equatorial plane, 

characterized in that said reinforcing elements 
comprise single metal wires which show traces of. an 
initial preforming which has subsequently been 
cancelled. 

20 Preferably, said initial preforming is cancelled 

during the step of moulding and vulcanizing said tyre. 

Preferably, said traces are represented by the 
internal strains, particularly residual internal 
strains, possessed by the crystalline grains of said 
25 single metal wires. 

Further characteristics and advantages will be 
made clearer by the detailed description of a 
preferred, but not exclusive, embodiment of a tyre for 
motor vehicles with an improved belt structure 
30 according to the invention. 

This description is provided below with reference 
to the attached drawings, provided for guidance only 
and without restrictive intent, in which: 

Figure 1 is a partial perspective view of a tyre 
35 made in accordance with the present invention; 

Figure 2 shows an embodiment of a deformed single 
wire for use in a reinforcing layer of a belt structure 
according to the present invention; 
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Figure 3 is a schematic cross section of a 
reinforcing layer according to the present inventions- 
Figure 4 is a schematic cross section of a 
reinforcing layer according to the known art; 
5 - Figure 5 is a stress-strain diagram in which a 
conventional material and two single wires according to 
the invention are compared; 

Figure 6 is a stress-strain diagram in which a 
non-wave-shaped single wire and two wave-shaped single 
10 wires according to the invention are compared; 

Figure 7 shows a central portion, in the 
equatorial plane of a vulcanized tyre, seen in plan 
view from above, of the 0° layer of preformed single 
wires, exposed by removal of the corresponding portion 
15 of tread band band; and 

- Figure 8 shows an edge portion, at the shoulder of 
a vulcanized tyre, seen in plan view from above, of the 
0° layer of preformed single wires, exposed by removal 
of the corresponding portion of tread band. 
20 With reference to Figure 1, reference sign 1 

indicates in a general way a tyre for motor vehicles 
with an improved belt structure according to the 
present invention. 

The tyre 1 comprises, in a known way, a carcass 
25 structure 2 having one or more carcass plies, each 
consisting of cords (shown schematically) consecutively 
adjacent to each other and placed in substantially 
radial planes containing the rotation axis of the tyre. 
A belt structure, indicated in a general way by 3, 
30 is applied circumf erentially around the carcass 
structure 2, in a centred position with respect to the 
equatorial plane p-p of the tyre, and a tread band 4 is 
placed in a position radially external to the belt 
structure . 

35 In Figure 1, the tread band 4 of the tyre 1 has, 

on its outer rolling surface, a relief tread pattern 
comprising/ in a known way, a plurality of 
circumferential and transverse recesses and grooves. 
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However, the present invention is also advantageously 
applicable to tyres whose tread band has a different 
relief pattern, or has no pattern at all (slick tyres) . 

The belt structure 3 has at least a first belt ply 
5 5 in a position radially external to the carcass 2, a 
second belt ply 7 placed in a position radially 
external to said first ply 5, and a reinforcing layer 
10 in a position radially external to said second ply 
7. For greater clarity of illustration, the plies 5, 7 
10 and the reinforcing layer 10 are represented with 
progressively decreasing widths, but this is not to be 
interpreted in a restrictive way. 

The first belt ply 5 and the second belt ply 7 
comprise metal cords, adjacent to each other and 
15 orientated obliquely with respect to the equatorial 
plane p-p of the tyre, preferably at an angle in the 
range from 10° to 30°. Moreover, the cords of the second 
belt ply 7 are inclined in the opposite direction with 
respect to the cords of the first belt ply 5. The 
2 0 reinforcing elements 11 of the reinforcing layer 10 are 
substantially parallel to each other and orientated in 
a direction substantially parallel to the equatorial 
plane p-p of the tyre. Preferably, in the axial 
direction said reinforcing elements 11 are equally 
25 spaced from each other within said layer 10. 

According to a preferred embodiment of the present 
invention, said reinforcing elements 11 are preformed 
single steel wires, for example of the type shown in 
Figure 2 . 

30 More preferably, said single wires are coated with 

brass . 

Preferably, each of said single wires has a 
diameter in the range from 0.10 to 0.40 mm. 

According to the present invention, said 
35 reinforcing elements 11 are preformed in such a way 
that they take on a wave-shaped or zig-zag 
configuration . 
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Preferably, said reinforcing elements are 
preformed in such a way that they take on a wave-shaped 
configuration, since this type of preforming allows to 
obtain preformed reinforcing elements which are 
5 substantially free of discontinuities in curvature 
along their longitudinal extension. Said characteristic 
is particularly advantageous, in that the presence of 
said discontinuities (for example, sharp corners) 
reduces the breaking stress of said reinforcing 
10 elements. 

As mentioned above, said reinforcing elements 11 
are preferably preformed with a preforming ratio of not 
less than 0.90. More preferably, said preforming ratio 
is advantageously within the range from 0.90 to 0.98. 
15 Preferably, the deformations of the single wire 

are coplanar: in other words, the deformed single wire 
lies in one plane; however, other configurations of the 
deformation are possible, such as a configuration of 
the helical type. 

2 0 In order to obtain a preformed single metal wire 

according to the present invention, use can be made of 
any method known in the art. For example, it is 
possible to use toothed wheel devices of the type shown 
in US-5, 581, 990, or the device described in the Patent 
25 Application WO 00/39385, in the name of the present 
Applicant. Said device comprises a pair of pulleys, 
each having a plurality of opposing pins which 
interpenetrate along a predetermined length in such a 
way as to cause an axial deformation and a bending 

3 0 deformation simultaneously in a wire which is made to 

pass through the space between the pins of the first 
pulley and the corresponding pins of the second pulley. 
The aforesaid interpenetration can be produced as a 
result of the movement of the aforesaid pair of pulleys 
35 which are caused to rotate by the wire itself. 

The single wires incorporated in the 0° reinforcing 
layer according to the invention provide a considerable 
elongation at low stress, which is necessary during the 
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moulding step of the tyre in which, as mentioned above, 
said single wires are stretched by an amount less than, 
or at the most equal to, the preforming contraction, 
and also provide a high elastic modulus during the 
5 normal operating conditions of the tyre. 

Said reinforcing layer 10 according to the present 
invention can be produced by spirally winding a strip 
containing preferably from 3 to 15, or even more 
preferably 10, wave-shaped single wires. 
10 Preferably, the width of said strip is in the 

range from 5 to 30 mm. 

Preferably, the density of the 0° layer is in the 
range from 45 to 150 single wires per decimetre. 

Preferably, in the tyre building step, during the 
15 aforesaid spiral winding, said strip is subjected to a 
stretching action in the range from 2 to 3% . 

In a preferred embodiment, said strip comprises 10 
single wires with a diameter of 0.20 mm each, has a 
width of 12.7 mm and has a density of 80 wires per 
20 decimetre. 

Preferably, the diameter of each single wire 
according to the present invention is in the range from 
0.15 mm to 0.30 mm, said small-diameter single wires 
having the following advantages : 
25 - they enable the weight of the reinforcing layer to 
be reduced, not only because the diameter is limited, 
but also because said choice requires a lower 
consumption of rubber for coating the single wires; 
they provide good fatigue resistance. 
30 If the breaking stress is to be increased as much 

as possible, then in place of a standard NT (normal 
tensile) steel with a breaking stress in MPa 
(megapascal) of the order of 3, 350- (2, 000*d) (where d 
is the diameter in mm) use can be made of high-carbon 
35 steels such as HT (high tensile) steels with a breaking 
stress in MPa of the order of 3 , 750- ( 2 , 000*d) , SHT 
(super high tensile) steels having a breaking stress in 
MPa of the order of 4, 080- (2 , 000*d) , or UHT (ultra high 
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tensile) steels having a breaking stress in MPa of the 
order of 4, 400- (2, 000*d) . Said values of breaking 
stress depend, in particular, on the quantity of carbon 
contained in the steel. 
5 Furthermore, if protection against corrosion has 

to be provided, the brass coating mentioned above can 
advantageously be replaced with a corrosion proofing 
coating, based on zinc, zinc-manganese (ZnMn) alloys or 
zinc-cobalt ( ZnCo) alloys . 

10 In the embodiment shown in Figure 3, the 0° 

reinforcing layer according to the invention comprises 
a strip of rubberized fabric with a thickness of 0.45 
mm in which are incorporated or embedded wave-shaped 
single wires (of the type shown in Figure 2, for 

15 example) with diameters of 0.15 mm and a spacing (or 
distance) of 1.5 mm between the axes of two consecutive 
ad j acent wires . 

Preferably, said spacing is substantially constant 
over the whole width of the reinforcing layer. However, 

20 it should be noted that, during the moulding step, the 
single wires of said reinforcing layer undergo an 
elongation which can cause a variation of said spacing 
and, therefore, of the density of said elements within 
said reinforcing layer. 

2 5 For comparison, Figure 4 shows the structure of a 

0° reinforcing layer according to the known art, made 
from nylon cords with diameters of 0.39 mm, embedded in 
a rubberized fabric having a thickness of 0.7 0 mm. 

Therefore, a comparison between the aforesaid 

30 Figures 3 and 4 demonstrates, although in a qualitative 
way since said figures are not to the same scale, the 
saving of weight which, as mentioned above, is one of 
the advantages of the present invention. 

Figures 5 and 6 show two stress-strain diagrams 

35 illustrating the advantages of the invention. In both 
diagrams, the horizontal axes show the deformations 
(expressed as a percentage) and the vertical axes show 
the stresses (expressed in Newton) . 
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In greater detail, Figure 5 shows the stress- 
strain diagrams for a conventional material T, 
particularly a nylon cord of 1400*1 dTex subjected to 
150 twists per metre, and for two single wires Ml and 
5 M2, of which a) the single wire Ml is made from NT 
steel, has a diameter of 0.15 ram and has a sinusoidal 
shape in one plane with a wavelength P of 8.0 mm and a 
wave amplitude H equal to 0.9 mm; b) the single wire M2 
is made from NT steel, has a diameter of 0.20 mm and 

10 has a sinusoidal shape in one plane with a wavelength P 
of 6.9 mm and a wave amplitude H equal to 0.8 mm. 

An analysis of said diagram of Figure 5 shows 
that, for low values of stress, the single wire M2 has 
a deformation substantially equal to that of the nylon 

15 T, while the deformation of the single wire Ml is 
greater. For progressively increasing values of stress, 
the deformation of the single wires Ml and M2 is lower, 
than that of T; in other words, both of the single 
wires are much more rigid than the nylon T. 

20 Figure 6 shows a stress-strain diagram in which 

three single wires A, B, C made from NT steel, with 
diameters of 0.35 mm each, are compared with each 
other. In greater detail, the single wire A has a 
rectilinear axis, the single wire B has been deformed 

2 5 to take on a sinusoidal shape in one plane with a 
wavelength P of 8.0 mm and a wave amplitude H equal to 
1.3 mm, and the single wire C has been deformed to take 
on a sinusoidal shape in one plane with a wavelength P 
of 5.7 mm and a wave amplitude H equal to 1.1 mm. 

30 An analysis of said diagram shows that the 

rectilinear single wire A requires very high values of 
stress to undergo deformations of l%-2%. This makes 
said single wire unsuitable for making the 0° layer of a 
tyre which has to be moulded and vulcanized. On the 

35 other hand, the single wires B and C show consistent 
deformations, which can reach 3%-4%, even at low values 
of stress. It can be noted that, for values of 
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deformation above 3%-4%, the deformation increases only 

if the applied stress is considerably increased. 

The Applicant has also conducted some tests 

directly on the tyre provided with a belt structure 

5 according to the present invention. 

***** 

Example 1 

A set of tyres according to the invention and a 
set of comparative tyres were used, all of the 185/50 R 

10 14 size, with an inflation pressure of 2.2 bar for the 
front axle of the vehicle and 2.0 bar for the rear 
axle. A Skoda Fabia 1.4 16V car was first fitted with 
four tyres according to the invention and then with 
four comparative tyres. The comparative tyres and the 

15 tyres according to the invention all had substantially 
the same structure and the same tread pattern, the only 
difference between them being the reinforcing layer in 
a position radially external to the belt structure. 

The tyres according to the invention had a 

2 0 reinforcing layer obtained by spirally winding onto the 
crown of the belt a strip having a thickness of 0.8 0 
mm, a width of 12.7 mm, density of the single wires of 
80 wires per decimetre, a single wire diameter of 0.2 
ram, with HT steel single wires preformed to take on a 

25 sinusoidal shape in one plane with a wavelength P of 
5.3 mm and a wave amplitude H equal to 0.6 mm. The 
comparative tyres, on the contrary, had a reinforcing 
layer formed from a strip comprising 1,400*1 dTex nylon 
cords (the thread obtained from the floss was subjected 

30 to 150 twists per metre - the symbol "*1" above 
indicates that the cord was formed from a single 
thread) , said strip having a density of 110 cords per 
decimetre . 

Tests of running behaviour were carried out on 
35 both dry and wet road surfaces, together with comfort 
tests . 

The test of running behaviour, in dry and wet 
surface conditions, was carried out on a circuit closed 
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to traffic (the Nurburgring circuit) by carrying out 
certain characteristic manoeuvres (such as lane 
changing, overtaking, slalom driving between cones, and 
entering and leaving bends) . Said manoeuvres were 
5 carried out at constant speed, and also in acceleration 
and deceleration, and the test driver evaluated the 
performance of the tyre by assigning a numeric 
evaluation of the tyre behaviour during the above 
manoeuvres , 

10 The assessment scale used represented a subjective 

assessment expressed by the test driver who tested in 
succession the fittings which were compared. 

Comfort was evaluated on the basis of the set of 
sensations experienced by the test driver with respect 

15 to the tyre capacity for absorbing the roughness of the 
road surface. Said comfort tests were carried out in 
the conditions specified by the RE01 Standard. 

The results of the tests are shown in Table I, 
where the values of the assessments are expressed as 

2 0 percentages, with the values relative to the set of 
comparative tyres being fixed to 100. 
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Table I 





Comparative tyre 


Tyre according to 
the invention 


Straight running 


100 


120 


Soft handling 


100 


115 


Hard handling 


100 


115 


Comfort 


100 


105 j 


Running on wet 
surface 


100 


120 



5 In Table I, values above 100 indicate an 

improvement with respect to the comparative tyre. 

***** 

Example 2 

In a similar way to that described in Example 1, a 
10 set of tyres of the 195/65 R 15 size was used, with an 
inflation pressure of 1.9 bar, fitted on a Volkswagen 
Golf 1.6 car. 

Also in this case, results similar to those of 
Example 1 were obtained demonstrating that the 
15 behaviour of the tyres according to the invention was 
markedly better than that of the comparative tyres. 

***** 

Furthermore, the Applicant has verified that the 
preforming undergone by the single metal reinforcing 
2 0 wires according to the invention remains visible and 
clearly identifiable even in the finished tyre. 

In particular, a tyre according to the invention 
as described in Example 1 was analysed by removing the 
tread band by scraping until the 0° reinforcing layer 
25 was brought to the surface, as shown in Figures 7 and 
8 . 

A visual analysis revealed that the presence of a 
residual preforming of the single metal wires used in 
the aforesaid reinforcing layer was perceptible, even 
30 to the naked eye. In the case of the sinusoidal type of 
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preforming of Example 1, the pitch and amplitude of 
said preforming was measured by means of a magnifying 
lens and a graduated ruler. 

It should be emphasized that, when the residual 
5 preforming and the strain undergone by said single 
wires during the moulding step are known, it is 
possible to determine, with a good approximation, the 
original preforming , in other words the initial 
preforming which was imparted to the rectilinear single 
10 wire. 

Moreover, as shown in the aforesaid Figures 7 and 
8, the Applicant has found that the residual preforming 
of the aforesaid single metal wires was lower in the 
central area of the tyre (in other words, near the 

15 equatorial plane of the tyre) , while it was more marked 
in the area of the shoulders of the tyre (in other 
words, the single wires were stretched more in the 
centre of the tyre and to a lesser extent on the 
shoulders of the tyre) . 

20 A more accurate evaluation of the preforming can 

be carried out by extracting, with due care, a single 
wire from the tyre. For this purpose, the tread band is 
first removed, after which the rubberized single wires 
. of the 0° reinforcing layer are extracted by means of a 

25 sharpened blade, care being taken not to apply tension 
to the single wire . The vulcanized rubber mixture is 
removed from the single wire, for example by treatment 
in dichlorobenzene at 100 °C for 12 hours. 

The single wire extracted in this way can be 

30 subjected to a visual analysis (according to the above 
procedure, for example), or to a local analysis by 
electron microscope and/or X-ray methods in order to 
determine not only the presence of the preforming, but 
also, at least in some cases, the type of preforming to 

35 which said single wire was subjected. 

This is because, as should be emphasized, an 
accurate analysis of the single wire, even if it shows 
a configuration of the rectilinear type on the tyre 
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(after removal of the tread band) or after extraction 
from the tyre, makes it possible to determine whether 
or not the single wire was subjected to preforming. 
Said preforming, being a plastic deformation, leaves an 
5 indelible trace in the single wire which retains a 
memory of the treatment which it has undergone. An 
analysis carried out with known methods and devices (X- 
ray, metallographic analysis) of the crystal grains of 
said single wire makes it possible, for example, to 

10 check for the presence of internal strains 
(micros trains ) and to determine their extent (on the 
basis of the shapes and dimensions of the peaks 
obtained by said analysis) . Said residual strains are 
the indelible signs of the preforming of the single 

15 wire which was carried out by a given preforming 
device. In particular, it is possible to identify the 
residual tensile and compressive strains since the 
preforming device, acting on said crystal grains, can 
cause on them a stretching on the extrados of the 

20 preforming curve and a compression on the intrados of 
said curve. 
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CLAIMS 

1. Tyre (1) for motor vehicles with an improved belt 
structure, provided with: 

5 a carcass structure (2) comprising at least one 

carcass ply having reinforcing cords orientated 
substantially in radial planes containing the rotation 
axis of the tyre; 

a tread band (4) extending circumf erentially 
10 around said carcass structure (2) ; 

a belt structure (3) , circumf erentially interposed 
between the carcass structure (2) and the tread band 
(4), comprising at least one pair of belt plies (5, 7) 
radially superimposed on each other, each ply (5, 7) 
15 having a plurality of cords (6, 8) orientated obliquely 
with respect to the equatorial plane (p-p) of the tyre 

(I) , parallel to each other in each ply and crossing 
over those of the adjacent ply, and a reinforcing layer 
(10) radially external to said at least one pair of 

20 belt plies (5, 7) and having reinforcing elements (11) 
substantially parallel to each other and to the 
aforesaid equatorial plane (p-p) , 

characterized in that said reinforcing elements 

(II) comprise single metal wires having residual 
25 preforming. 

2. Tyre (1) according to Claim 1, in which said 
single metal wires have a residual preforming ratio in 
the range from 0.95 to 1. 

3. Tyre (1) according to Claim 1, in which said 
30 single metal wires are selected from the group 

comprising: steel, aluminium and metal alloys. 

4. Tyre (1) according to Claim 3, in which said metal 
alloys are aluminium alloys . 

5. Tyre (1) according to Claim 3, in which said 
35 single steel wires have a coating selected from the 

group comprising: brass, zinc, zinc-manganese alloys, 
and zinc-cobalt alloys. 
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6. Tyre (1) according to Claim 1, in which said 
single metal wires have a diameter in the range from 
0.10 mm to 0.40 mm. 

7. Tyre (1) according to Claim 1, in which the 
5 deformations of said single wires are coplanar. 

8. Tyre (1) according to Claim 1, in which the 
deformations of said single wires consist of 
substantially sinusoidal wave shapes. 

9. Tyre (1) according to Claim 8, in which said 
10 substantially sinusoidal deformations have a wavelength 

(P) in the range from 3 mm to 9 mm. 

10. Tyre (1) according to Claim 8, in which said 
substantially sinusoidal deformations have an amplitude 
(H) in the range from 0.3 mm to 1.5 mm. 

15 11. Tyre (1) according to Claim 1, in which said 
single metal wires are distributed in said reinforcing 
layer (10) with a constant axial spacing between them. 
12. Tyre (1) for motor vehicles, with an improved belt 
structure, provided with: 

20 a carcass structure (2) comprising at least one 

carcass ply having reinforcing cords orientated 
substantially in radial planes containing the rotation 
axis of the tyre (1) ; 

a tread band (4) extending circumf erentially 

25 around said carcass structure (2) ; 

a belt structure (3), circumf erentially interposed 
between the carcass structure (2) and the tread band 
(4), comprising at least one pair of belt plies (5, 7) 
radially superimposed on each other, each ply (5, 7) 

30 having a plurality of cords (6, 8) orientated obliquely 
with respect to the equatorial plane (p-p) of the tyre 
(1), parallel to each other in each ply and crossing 
over those of the adjacent ply, and a reinforcing layer 
(10) radially external to said at least one pair of 

35 belt plies (5, 7) and having reinforcing elements (11) 
substantially parallel to each other and to the 
aforesaid equatorial plane (p-p) / 
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characterized in that said reinforcing elements 
(11) comprise single metal wires having a residual 
preforming increasing in an axial direction towards the 
edges of said reinforcing layer (10) . 
5 13. Tyre (1) for motor vehicles , with an improved belt 
structure, provided with: 

- a carcass structure (2) comprising at least one 
carcass ply having reinforcing cords orientated 
substantially in radial planes containing the rotation 

10 axis of the tyre (1); 

a tread band (4) extending circumf erentially 
around said carcass structure (2) ; 

a belt structure (3), circumf erentially interposed 
between the carcass structure (2) and the tread band 

15 (4), comprising at least one pair of belt plies (5, 7) 
radially superimposed on each other, each ply (5, 7). 
having a plurality of cords (6, 8) orientated obliquely 
with respect to the equatorial plane (p-p) of the tyre 

(I) , parallel to each other in each ply and crossing 
20 over those of the adjacent ply, and a reinforcing layer 

(10) radially external to said at least one pair of 
belt plies (5, 7) and having reinforcing elements (11) 
substantially parallel to each other and to the 
aforesaid equatorial plane (p-p) , 
25 characterized in that said reinforcing elements 

(II) comprise single metal wires which show traces of 
an initial preforming which was subsequently cancelled. 

14. Tyre (1) according to Claim 13, in which said 
traces comprise internal strains possessed by the 

30 crystal grains of said single metal wires. 

15. Tyre (1) according to Claim 13, in which the value 
of the preforming ratio of said initial preforming is 
not less than 0.90. 

16. Tyre (1) according to Claim 15, in which said 
35 value of initial preforming is in the range from 0.90 

to 0 . 98 . 

17. Tyre (1) for motor vehicles, with an improved belt 
structure, provided with: 
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a carcass structure (2) comprising at least one 
carcass ply having reinforcing cords orientated 
substantially in radial planes containing the rotation 
axis of the tyre (1); 
5 a tread band (4) extending circumf erentially 

around said carcass structure (2); 

a belt structure (3), circumf erentially interposed 
between the carcass structure ( 2 ) and the tread band 
(4), comprising at least one pair of belt plies (5, 7) 
10 radially superimposed on each other, each ply (5, 7) 
having a plurality of cords (6, 8) orientated obliquely 
with respect to the equatorial plane (p-p) of the tyre 

(1) , parallel to each other in each ply and crossing 
over those of the adjacent ply, and a reinforcing layer 

15 (10) radially external to said at least one pair of 
belt plies (5, 7) and having reinforcing elements (11) 
substantially parallel to each other and to the 
aforesaid equatorial plane (p-p) , 

characterized in that said reinforcing elements 

20 (11) comprise single metal wires preformed according to 
a certain preforming ratio and stretched during the 
moulding step by an amount less than or equal to the 
preforming contraction undergone by said single metal 
wires . 

25 18. Tyre (1) according to Claim 17, in which said 
preforming ratio is not less than 0.90. 

19. Tyre (1) according to Claim 18, in which said 
preforming ratio is in the range from 0.90 to 0.98. 

20. Method for producing a tyre (1), comprising the 
30 steps of: 

making a carcass structure (2); 

applying a belt structure (3) in a position 
circumf erentially external to said carcass structure 

(2) , said belt structure (3) comprising at least one 
35 pair of belt plies (5, 7) radially superimposed on each 

other and a reinforcing layer (10) radially external to 
said at least one pair of belt plies (5, 7) and having 
single metal wires (11) substantially parallel to each 
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other and to the equatorial plane (p-p) of said tyre 

(re- 
applying a tread band (4) in a position 

circumferentially external to said belt structure (3) ; 
5 applying to said carcass structure (2) at least 

one pair of sidewalls. in laterally opposing positions; 

moulding and vulcanizing the tyre (1) produced in 

this way, 

characterized in that said single metal wires are 
10 applied in a condition in which they are preformed 
according to a certain preforming ratio, and said 
single metal wires are stretched during said moulding 
step by an amount not exceeding the preforming 
contraction undergone by said single metal wires. 
15 21. Method according to Claim 20, in which said step 
of applying a reinforcing layer (10) radially external 
to said at least one pair of belt plies (5, 7) is a 
spirally winding operation. 

22. Method for producing a tyre (1), comprising the 
20 steps of: 

making a carcass structure (2) ; 

applying a belt structure (3) in a position 
circumferentially external to said carcass structure 
(2), said belt structure (3) comprising at least one 

2 5 pair of belt plies (5, 7) radially superimposed on each 
other and a reinforcing layer (10) radially external to 
said at least one pair of belt plies (5, 7), said 
reinforcing layer (10) having preformed single metal 
wires (11) which are substantially parallel to each 

30 other and to the equatorial plane (p-p) of said tyre 

(i); 

applying a tread band (4) in a position 
circumferentially external to said belt structure (3) ; 

applying to said carcass structure (2) at least 
35 one pair of sidewalls in laterally opposing positions; 

moulding and vulcanizing the tyre (1) produced in 
this way, in a condition in which said single metal 
wires are stretched in such a way that the initial 
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preforming of said single metal wires is cancelled in a 
central portion of said reinforcing layer (10), lying 
across the equatorial plane of said tyre, and that a 
residual preforming is left in said single metal wires 
5 in two lateral edge portions of said reinforcing layer 
(10) . 
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